T HE UNUSUAL STRUCTURAL and environmental characteristics of the renal medulla have stimulated studies to determine whether the medulla has distinctive metabolic features. Its low rate of blood flow in vivo (IO), the histological deficiency of mitochondria (I 5), the comparatively low rate of oxygen utilization by slices of renal medulla, and the high rate of glycolysis in vitro (4, 8, I I, 20) have all been interprete,d
to indicate that the medulla depends largely on anaerobic metabolism to furnish energy for its activities.
The present experiments in vitro emphasize, by contrast, the critical role that oxidative metabolism may play in providing energy for the renal medulla. Experiments utilizing CY4-labeled glucose were performed in the same general manner except that incubations were conducted in rubber-capped 25-ml Erlenmeyer flasks with suspended glass wells. A Dubnoff shaker at 37 C and a rate of I I o oscillations/min was used in these experiments.
Seventy-two thousand count/ min of radioactive glucose (New England Nuclear Corp.) were added to each flask so that the specific activity of glucose in the incubation medium was 2.5 X I o3 count/ min per ,ccM. After incubation, 0.5 ml Hyamine was placed in the suspended well to trap COZ; I ml 3 N H&O4 was added to the flask and shaking was continued for 30 min. The contents of the center well were transferred to 12 Fig. 3 ). Increasing the tonicity of the medium with either NaCl or urea reduced oxygen consumption when either succinate or glucose was the substrate. Both aerobic and anaerobic production of lactate from glucose were also depressed by hypertonicity.
The proportion of energy theoretically derived from oxygen utilization on the one hand and lactate production on the other was not appreciably altered. In these hypertonic media glucose metabolism in an atmosphere of I oo % or 5 % 02 was again theoretically more efficient than glucose metabolism in nitrogen. Extrapolating to the situation in vivo, where high concentrations of sodium and urea bathe the cells of the renal medulla, these data further suggest the importance of oxidative metabolism to medullary tissue. E$ect of feeding, hydration, and vasopressin ( Table 3) . Four dogs were fasted overnight, as in the preceding experiments, but permitted to drink water. One or two hours before sacrifice, they were given an amount of water by stomach tube equal to 5 % of their body weight.
The urine in most animals was dilute with an osmolality of less than 300 milliosmols/kg at the time the kidneys were removed.
Hydration and water diuresis did not alter 02 uptake in succinate, anaerobic glycolysis, or the production of Cl402 from glucose labeled in the Cl or c 6 positions.
On the other hand, when nine animals were permitted to eat and drink up to the time of the experiment, and were also hydrated by stomach tube as above, Qoz in succinate increased significantly, as did anaerobic glycolysis.
The addition of vasopressin (Pitressin, Parke, Davis) in concentrations of [1] [2] [3] [4] [5] [6] [7] pressor U/liter medium to medullary slices from dogs undergoing water diuresis did not alter oxygen uptake with succinate, or lactate production from glucose in nitrogen. Metabolism of Cl-and Cc-labeled glucose ( (Table  5) . Under these circumstances, CO2 production exceeded lactate production by about .og ,uM/mg dry wt per hr. Although the metabolic behavior of some other tissues is influenced by the nature of the buffer used in studying them in vitro (3), there was no difference in the generation of Cl402 from the Cl or C 6 label of glucose when medullary slices were incubated in phosphate or bicarbonate buffer (Table 6 ).
DISCUSSION
It has been suggested many times that the unique anatomical and physiological characteristics of the renal medulla have distinctive metabolic correlates. The inner medulla of the dog, making up about IO % of the weight of the kidney, receives about I % of the renal blood flow, or 20-30 ml/ I oo g tissue per min (I 9). This is only >j'o-340 of the blood flow to renal cortex. Oxygen utilization by the intact medulla has been estimated as 0.3-0.4 ml/I00 g per min, or 3-5 % of the oxygen uptake of cortex (I 0). The oxygen tension of the urine, presumably reflecting that of the papilla, is considerably lower than that of renal venous blood (I 4 oxygen to the medulla were reduced, this might then be expected to interfere with active reabsorption of sodium and the production of a concentrated urine. Certain experiments in intact animals support this hypothesis.
While the blood flow per gram of renal medulla is small compared to cortex, it is 30 % of that to the heart and 50 % of the blood flow to brain (I 9). Measurements of glucose and lactate in blood from the vasa recta of hamsters indicate that only 25 % of the glucose which disappears from blood as it traverses the medulla is accounted for by the formation of lactate (I 6). The intraluminal electrical potential of the ascending thin limb of Henle's loop, normally negative, disappears when the tubule is perfused with cyanide, which blocks oxidative metabolism, as well as with iodoacetate, which interferes with glycolysis (2 I). Occlusion of the ureter in dogs undergoing mannitol diuresis greatly decreases medullary blood flow and oxygen tension (g), reduces the concentration of sodium in the renal papilla (6) and results in an impairment of concentrating ability which persists for a variable time after the obstruction is relieved (6). The defect in urinary concentrating ability that characterizes patients with sicklecell anemia may be associated with a diminution in medullary blood flow; it is greatly ameliorated during osmotic diuresis, which increases the delivery of oxygen to the medulla (I 3). The improvement in both oxygen uptake and lactate production seen in the medulla of fed, hydrated dogs is interesting and deserves further study. It could not be ascribed to water diuresis alone, since it was not apparent in starved dogs given water. Feeding and starvation certainly influence the metabolism of other tissues, and changes in the protein, fat, and carbohydrate composition of the diet may alter the pattern of metabolism of succinate and glucose in the renal medulla (unpublished observations).
Another explanation may lie with the increased solute output in the urine of fed dogs, since osmotic diuresis has been shown to increase the content of lactate of the papilla of hamsters (2) and rats ( I 7), presumably by increasing glycolysis. The much higher Cl/C6 ratio of CO2 generated from glucose by medulla as compared with cortex might be accounted for by the different rates of glycolysis in these tissues, since the medulla metabolizes much glucose to lactate rather than to carbon dioxide. The relatively high rate of CO2 production from Cl-labeled glucose in medulla also suggests a significant role in this tissue for the phosphogluconate shunt pathway. The Cl/C6 ratio of 3.7 in these experiments was much higher than the value of I .3 found by Lee, Vance, and Cahill in the inner medulla of rabbits (I I 130
